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ABSTRACT 

Various preliminary r e s u l t s  of an analysis  of da t a  from the 

magnetometer on board Mariner 4 are described. The measurements 

discussed were obtained between 28 November 1964 and Apri l  1965. 

During the f i rs t  day of the f l i g h t  the  spacecraf t  t raversed the 

magnetosphere and the in te rac t ion  region between the magnetosphere 

and interplanetary space. Very abrupt changes i n  the s t a b i l i t y  

of the  f i e l d  were produced at  the posi t ion of the e a r t h ' s  bow 

shock. There were a t  least seven t raversa ls  of the shock between 

36.6 and 38.6 Re i n  a region approximately 105O, on the  dawn 

side,  from the earth-sun l i n e .  The gross propert ies  of the 

interplanetary f i e l d  are  summarized by means of d i s t r ibu t ions ,  

over 27-day periods, of values of the various parameters per ta ining 

t o  the f i e l d .  On the average, the f i e l d  tends t o  l i e  along 

the expected s p i r a l  d i rec t ion ,  but the d i s t r ibu t ion  of p o l a r i t i e s  

along t h i s  d i rec t ion  i s  found t o  change. The tendency, observed 

previously with the Mariner 2 and IMP magnetometers, f o r  the 

interplanetary f i e l d  t o  have a southward (posi t ive 0 component) 

component pe r s i s t s .  Very rough estimates of the power spectra  

of t he  var ia t ions  i n  the f i e l d  are presented; 
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INTRODUCTION 4 

The spacecraft, Mariner 4, was launched from Cape Kennedy, 

Florida at  1922 CMT, November 28, 1964. The t r a j ec to ry  achieved 

was expected t o  place the spacecraft within 2 , 5 0 0  km of the 

posi t ion of Mars on July 15, 1965. 

board Mariner 4 included a vector, low-field helium magnetometer. 

In  the fallowing, cer ta in  of the r e su l t s  obtained from studies  

of the magnetometer data  w i l l  be described. 

preliminary i n  t h a t  only data  transmitted by te le type from the 

tracking s ta t ions ,  so-called 'quick look' data, were employed 

i n t h e  analysis.  

report ,  much of the discussion consis ts  of only summaries 

of the selected r e su l t s .  More de ta i led  reports  are  t o  be published 

elsewhere. 

The i n s t m e n t a t i o n  on 

The r e s u l t s  are 

Also ,  due to  constraints  on the length of t h i s  

In  the following, the f irst  section i s  a br ie f  descr ipt ion 

of t he  Mariner 4 magnetometer. 

measurements were obtained i n  the d i s t an t  magnetosphere, i n  the 

t a i l  of the magnetosphere, i n  the  interact ion region, and i n  

nearby interplanetary space. 

i n  the second section. Next, the  coordinate.system t h a t  w i l l  

be employed i n  the discussion of  the interplaentary measurements 

is  defined and the t ra jec tory  of the spacecraft  i s  described. 

I n  the  next four sections,  the measurements of the interplaentary 

f i e l d  are discussed i n  terms of d i s t r ibu t ions  of various parameters. 

On the f i r s t  day of the f l i g h t  

These aessurerner?+e are s m a r i z e d  
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The observations a re  compared with those obtained with the Mariner 2 

magnetometer . 
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THE LOW FIELD-VECTOR HELIUM MAGNEI!OMECW 

The Mariner 4 magnetometer i s  a new instrument of a type 

t h a t  has not been flown on any other  spacecraft .  

f o r  use on missions t h a t  require a wide range of operating 

temperature, an extended dynamic range (a  necessity i f  a 

subs tan t ia l  planetary f i e l d  may be encountered), good absolute 

accuracy, and high sens i t i v i ty  (a  necessity t o  study i n t e r -  

planetary magnetic f i e l d s  during the f l ight t o  the planet  and 

t o  look f o r  small perturbations of the interplanetary f i e l d  

i f  the planetary f i e l d  is weak). 

measures f i e l d s  as large as 625y (t360y referred t o  any of the  

three components, ly = 

equivalent t o  an rms f i e l d  of 0.1~. 

(16.7 mv output f o r  1.0~ of applied f i e l d )  i s  l inear  t o  within 

0.1s over the full range. 

accuracy which is  insured by s t a b i l i t y  of both the l i n e a r  character-  

i s t i c  and the n u l l  point ( the  output voltage i n  the absence of' 

an ambient f i e l d )  over both an extended temperature range 

(-25' te +65OC) m d  10% periods of t i m e .  

is an important requirement f o r  an instrument flown on an 

att i  tude-stabil ized spacecraft, whereas on a spinning spacecraft ,  

+he spin permits aa in - f l igh t  determination of the zero-field 

outputs of instruments measuring f i e l d  components, transverse t o  the 

spin axis. When the Mariner program was in i t i a t ed ,  the above 

It was developed 

The Mariner 4 instrument 

gauss) with a l imit ing noise threshold 

The instrument s e n s i t i v i t y  

"his i s  one aspect of the absolute 

High absolute accuracy 
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specif icat ions equaled o r  exceeded those of the more conventional 

f luxgate o r  second harmonic type of magnetometer (such as was 

u t i l i z e d  on the Mariner 2 mission) [Smith -’ Davis -’ Coleman, 

Sonett  -’ 19651. 

of the two kinds of instruments were comparable and there was 

no reason t o  suppose t h a t  the s t r ingent  r e l i a b i l i t y  requirements 

of the planetary mission could not be satisfied by the newer 

instrument. 

Furthermore, the wbight and power requirements 

The Msriner 4 instrument is a low-field, vector, helium 

magnetometer not t o  be confused w i t h  e i ther  the rudidium magneto- 

meter [Ruddock, 19611 or  the  high-field, scalar ,  helium magneto- 

meter [Keyser, Rice, and Schearer) 19611. Like the  lat ter two 

it is  a resonance magnetometer i n  which a specimen gas is  

examined spectroscopically using op t i ca l  pumping t o  de tec t  

changes i n  state caused by the presence of weak magnetic 

f i e l d s .  However, the vector helium magnetometer i s  not an absolute’ 

instrument l i k e  the others which both produce tones, the frequencies 

of which are  proportional t o  the f i e l d  magnitude. Instead, 

it generates three steady o r  DC voltages each proportional t o  

a component, of t ie  ambient f i e i d .  

The basic  operating pr inciples  of the Mariner instrument 

can be understood with the a i d  of the simplified schematic shown 

i n  Figure 1. The pumping l ight,  1.08 micron radietior,  sbtained 

from an electrodeless  discharge helium lamp, i s  c i r cu la r ly  

polarized and focused on an absorption c e l l  where it is  p a r t i a l l y  
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absorbed by metastable helium atoms. 

are observed by an infra-red lead su l f ide  detector .  

Absorption and pumping 

Since 

simple Zeeman absorption depends on both the polar izat ion of the 

resonant radiat ion and i t s  direct ion of incidence with regard t o  

the  magnetic f i e l d ,  the pumped condition can be destroyed by 

changing the direct ion of the magnetic f i e l d .  

f i e l d  i s  applied t o  the ce l l ,  it causes a periodic var ia t ion In 

When a ro ta t ing  

the transparency of the gas. 

sinusoidal currents 90 out of phase i n  two mutually perpendicular 

A sweep o s c i l l a t o r  produces two 

0 

s e t s  of Helmholtz co i l s  (represented i n  the f igure by a c i r c l e )  

placed around the absorption c e l l .  This generates a lOOy 

f i e l d  ro ta t ing  at  a r a t e  of  50 rps. Ehpir ical ly  it i s  found t h a t  

the absorption i s  proportional t o  the square of the cosine of  

the angle between the l i g h t  beam (op t i ca l  axis) and the  magnetic 

f i e l d .  Thus, i n  the absence o f  an ambient f i e l d ,  the detector  

output i s  a second harmonic of the sweep frequency. I f  the DC 

f i e l d  i s  present, the detector output contains a component a t  

the sweep frequency whose phase depends on the angle between 

the op t i ca l  axis of the sensor and the DC f i e ld .  The AC amplifier 

passes a s igna i  containing only the fundamental f r e q ~ e m y  zoqmaent 

which i s  used t o  generate, by phase coherent detection, a DC 

current t h a t  i s  applied t o  the Helmholtz co i l s  t o  n u l l  the 

external  f i e l d .  Thus, the magnetometer fuzcticns as a closed 

loop, o r  feedback system w i t h  a resu l t ing  improvement i n  output 

l i n e a r i t y  and s t a b i l i t y .  
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The simplified schematic shows the e lec t ronics  f o r  a two 

axis system. The tri-axial Mariner instrument u t i l i z e s  a t i m e -  

sharing technique t o  switch the plane of the sweep vector on 

a l t e rna te  rotat ions from the plane of the diagram t o  a plane 

perpendicular t o  the diagram through the op t i ca l  axis. 

commutation provides e s sen t i a l ly  simultaneous triaxial measure- 

This 

ments when the outputs a re  sampled a t  the Mariner 4 da t a  rates. 

A photograph of the Mariner 4 magnetometer is shown i n  

Figure 2. The one-pound sensor i s  on the right. The tri-axial 

helmholtz co i l s  l i e  on a 4-inch diameter sphere with the helium 

lamp and i g n i t e r  a t  one end and the  detector  and a preamplifier 

at  the other.  The two modules containing the rest of the 

e lec t ronics  weigh 4.5 lb. 
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THE NEAR-EARTH DATA 

Fl,mlre 3 ccntafiis 19-minute averages of the t o t a l  f i e l d  

magnitude, I B 1 , and the magnitude of the  so l a r - r ad ia l  component, 

I Br 1 , as a function of universal  time or,  a l te rna t ive ly ,  

geocentric distance.  

shor t ly  a f t e r  the magnetometer came on sca le  and ended j u s t  

p r i o r  t o  complete a l t i t u d e  s tab i l iza t ion ,  the  Mariner ro ta ted  

slowly (- 2 rev. per h r )  about an axis  or iented toward the sun. 

The changing or ientat ion,  r e l a t ive  t o  the ambient f i e l d ,  of the 

two sensor axes transverse t o  the sun-oriented axis,  allowed the 

corresponding components of the spacecraft  f i e l d  t o  be derived. The 

value of I Br I was adjusted t o  agree with the r a d i a l  component of 

the  unperturbed geomagnetic f i e l d  near the ear th .  

c r a f t  f i e l d  components, which t o t a l  28y at  the sensor, were 

subtracted from the da ta  before I B I was computed. 

During t h i s  time in te rva l ,  which began 

The three space- 

The data show four  d i s t i n c t l y  d i f fe ren t  magnetic regimes 

separated by t r ans i t i ons  designated simply as 1, 2, and 3 .  

The da ta  from nearest  the ear th  to  the f i r s t  t r a n s i t i o n  (a t  

- 11 Re, ea r th  r a d i i )  show the same general  deperdence on geocentric 

dis tance as the  unperturbed geomagnetic f i e l d .  

f i e l d  from Transit ion 1 t o  Transit ion 2 (- 21 Re)  i s  e s sen t i a l ly  

constant i n  magnitude with an  enhanced r a d i a l  ccnponent t h a t  

po in ts  away from the sun (no d i rec t iona l  information i s  shown i n  

The average 

the  f igu re ) .  

between Transit ions 2 and 3 i s  i r regular  i n  magnitude and direct ion.  

The t h i r d  t r ans i t i on  a t  - 35 Re i s  not completely obvious i n  the 

The smaller (5-lOy) average f i e l d  i n  the region 
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10-minute averages but  marks the edge of a zone i n  which regions 

of rap id ly  f luc tua t ing  f i e l d s  a l t e rna te  with regions of r e l a t i v e l y  

s tab le  f ie ld6  as w i l l  be discussed below. 

The locat ions of the three major t r ans i t i ons  along the 

This f igure  a l s o  Mariner t r a j ec to ry  a re  shown i n  Figure 4. 

contains‘a  sketch showing the asymmetric magnetosphere, consis t -  

ing of a torus formed by f i e l d  l i n e s  t h a t  co-rotate with the  ear th  

and an elongated magnetic t a i l  point ing away from the sun 

[Axford, Petschek, and Siscoe, 19653, 

magnetic bow shock [Spre i te r  and Jones 19637. We ident i fy  

Transi t ion 1 with the boundary between the co-rotating magneto- 

sphere and the ta i l ,  Transit ion 2 with the boundary between the 

t a i l  and the  turbulent magnetosheath, and Transit ion 3 with the 

so-called standing shock front .  

and the detached hydro- 

-’ 

These bound&ry locat ions agree reasonably w e l l  with correspond- 

ing t r ans i t i ons  i n  the Mariner 4 plasma and energet ic  p a r t i c l e  

da t a  as well  as with previous f i e l d  and p a r t i c l e  measurements on 

o ther  spacecraft .  The dashed curves i n  Figure 4 shown the 

average location of the  magnetopause and shock f ron t  derived 

from iMP-i magnetometer data [Kess Scearce, arid Seek 19641. 

Transi t ion 3 occurs near the extension of the outer contour. 

-’ -, 

Transi t ion 2 l i e s  beyond the inner contour but i s  generally 

consis tent  with the spread i n  individual  boundary penetrat isns  

by Explorer 14  [Cahill ,  19641, IMP-1 [Ness Scearce, and Seek 

19641, and Explorer 10 [Heppner, Ness -’ Skillman, and Scearce, 

1963 ] a t  approximately the same sun-earth-spacecraft angle. 

-9 -’ 
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The innermost t r ans i t i on  detected by the  Mariner magnetometer 

appeers t o  be associated with general feature  i n  the d i s t r ibu t ion  

of trapped electrons with energies greater  than 40 kev. 

d i rec t iona l  flux contours obtained by Explorer 14 instruments 

Omni- 

[Frank, V a n  Allen, and Macagno, 19633 show a b i jurca t ion  behind 

the dawn l i n e  a t  8n average geocentric dis tance of - 9 Re 

t h a t  i s  qui te  l i k e l y  associated with the  change from the magneto- 

sphere proper t o  the  magnetic t a i l .  

now i n  progress suggest t h a t  the large scale  charac te r i s t ics  

of the f i e l d s  observed by Mariner 4 i n  the d i f f e ren t  regions 

a l so  agree with e a r l i e r  measurements by Ekplorers 10, 14, and 

IMP-1. 

Detailed comparisons 

The data acquired beyond Transit ion 3 merit spec ia l  a t ten t ion  

because the important features are associated wi th  the f ine  

s t ructure  of the  f i e l d  which is obscured by averaging. Figure 5 

i s  a p lo t  of a l l  the  magnetic measurements made during a one 

hour in t e rva l  corresponding t o  the  range of geocentric distances 

between 36 t o  38 Re. No attempt was made t o  remove the e f f e c t  

of the spacecraft  r o l l  which causes s inusoidal  var ia t ions w i t h  

periods of - 30 minutes i n  the transverse components, Bx 
. The four t r i - a x i a l  measurements each a i 6  seconds reveal  

regions of higher noise levels t h a t  a l te rna te  with regions of' 

r e l a t ive  qu ie t .  The l a s t  such observation comes at  0718 and 

BY 

is  not shown. 

We ident i fy  the abrupt changes from one region ("R, the 
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t r a n s i t i o n  region) t o  the other  ( IP,  interplanetary space) 

with successive passages through the shock f r o n t  (SF). 

i n t e rp re t a t ion  i s  supported by the Mariner plasma measurements 

which show penetrations in to  the free-streaming so la r  wind 

coincident with several  of the  SF t r ans i t i ons  i n  the magnetometer 

da t a  [ Dr . ' C . W. Snyder, p r iva te  communication]. 

passages through the shock f ron t  suggest t h a t  it I s  not s ta t ionary,  

but  surges back and fo r th  over distances of several ea r th  radii 

w i t h  t yp ica l  periods of 5 t o  20 mlnutee, a t  least  fo r  t h i s  

time and locat ion.  These r e su l t s  seem qui te  reasonable as it 

has been suggested t h a t  hydromagnetic shocks resemble hydraulic 

phenomena i n  which i r r egu la r  and f luc tue t ing  f ron t s  with considerable 

s t ruc ture  and precursors ahead of the main shock are typ ica l .  

The sharp nature of most of the observed t r ans i t i ons  suggests 

t h a t  the  shock f ron t  makes a large angle with the t r a j ec to ry  and 

moves considerably, ra ther  than t h a t  the t r a j ec to ry  l i e s  nearly 

tangent t o  the f ront .  Presumably it i s  the unknown veloci ty  of 

motion o f  the f ront ,  not the known veloci ty  of the  spacecraft ,  

t h a t  determines the apparent duration of the crossing from 

one region t o  the other .  

observations of the shock i s  comparable to  the t i m e  required for  

the  so l a r  wind t o  s l i d e  around the magnetosphere so it is not 

c l ea r  whether the l o c a l  var ia t ions i n  the pos i t ion  of the f r c n t  

are caused by f ine  s t ruc ture  in the  so l a r  wind o r  by some form of 

i n s t a b i l i t y .  

This 

The multiple 

The average i n t e r v a l  between siiccessive 
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The outstanding feature  of the  magnetic da t a  is  the occurrence 

of irregular f i e l d s  behind the shock with o r  without an accompany- 

ing change i n  average f i e l d  magnitude. 

used t o  ident i fy  the IMP-1 shock f r o n t  locat ions [Ness -1 Scearc’s, 

and Seek -’ 19641 and i s  a l so  obvious i n  the N O - 1  search c o i l  

magnetometer da ta  [McIeod, Holzer, and Smith -’ 1.9651. 

f luctuat ions are very roughly f ive times as grea t  a8 outside. 

The same feature  was 

The 

Preliminary inspection of  tabulated da ta  indicates  t h a t  periods 

of 10 seconds o r  more are prominent i n , t h e  f luctuat ions i n  the 

t r ans i t i on  region but t ha t  periods of 2 t o  4 seconds o r  shorter  

are much less important. 

the  solar wind velocity,  the length scale  of the i r r e g u l a r i t i e s  

should be of the  order of km t i m e s  the period i n  seconds. 

There i s  also a noticeable osc i l l a t ion  (not shown) with a period 

of 2 o r  3 minutes’(which corresponds t o  a length of the order 

of the radius of curvature of the magnetopause) and fin amplitude 

of several  gamma. 

Since the f i e l d  must be convected with 



I 2  

PREFACE TO THE DISCUSSION OF THE INTERPLANFTARY WNETIC FIELD 

I n  the  following discussion of the  interplanetary f i e l d ,  

unless otherwise specified,  the  coordinate system of reference 

i s  a spherical  system with coordinates r, 0, and '9. The polar 

axis of t h i s  system l ies  along the axis of ro ta t ion  of the sun 

i n  the d i rec t ion  of the  angular veloci ty  vector o r  roughly 

northward. The l i n e  of reference f o r  the angle cp is  defined 

by the r i g h t  ascending node of the intersect ion of the so l a r  

equator ia l  plane with the e c l i p t i c  plane. Parameters of the 

t r a j ec to ry  of Mariner 4 are  plot ted i n  Figures 6 and 7. The 

magnetic f i e l d  components a t  the point  (r ,  9, 9) are Br, 

B3 'PI r 

B 

the d i rec t ion  of planetary motion, and B completes the r igh t  

and B where B i s  the component outward from the sun, 

i s  p a r a l l e l  t o  the  so la r  equatol-ial plane and pos i t ive  i n  
cp 

9 
handed sys tern. 

The f i e l d s  of  the  spacecraft were measured before the flight. 

They were a l so  checked during the f l i g h t  using the following 

procedure: 

was .  allowed t o  r o l l  about an a x i s  coincident w i t h  the sun- 

spacecraft  l i n e .  

transverse t o  the r o l l  axis were checked using the da ta  taken 

during this ' r o l l '  period. The t h i r d  component, held p a r a l l e l  

t o  the sun-spacecraft l i n e  during the e n t i r e  f l i g h t ,  was checked 

by assuming t r i a l  values and obtaining, f o r  each value, a 

During the f i rs t  day of the f l i g h t ,  the  spacecraft  

The two components of the spacecraft  f i e l d  



d i s t r ibu t ion  over a 27-day period fo r  the s p i r a l  angle 

= tan-'( -BJBV). The value selected w a s  t h a t  which provided 

B 

53 . r -  

the  d i s t r ibu t ion  most symmetrical about cy su 50' with peaks 

a t  CY w 50' and aB w 50' t 180'. 

value of the ro l l -ax is  component within ?(1/3)y. 

value of '50' is consistent with the values of the €501~ wind 

This requirement f ixed the . B  
The selected 

veloci ty  measured with the Mariner 4 plasma probe. 
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THE MAGNITUDE OF THE INTERPLANETARY FIELD 

Figure 8 contains p l o t s  of the  d is t r ibu t ions  of the recorded 

values of Br, Be, B $ and B t ha t  were obtained during Solar 

Rotation Period 1799, 7 January through 2 February 1965. 

Also shown are  d is t r ibu t ions  of the values of the  f i e l d  strength,  

B, and of the magnitude of t he  component transverse t o  the  radial 

direct ion,  Bp = (Be2 + B )". Note tha t  the d i s t r ibu t ion  of 

B 

w e l l  as the more obvious peak near Br = +2y. 

Rotation Period 1799, the  hel iocentr ic  range of Mariner 4 
6 6 increased from l57.10 krn t o  169.10 km. 

2 A- 
Q 

contains a suggestion of a smaller peak near Br = -2y as r 

During Solar 

In  Figure 9 d is t r ibu t ions  of the same quant i t ies  recorded 

f o r  Solar Rotation Period 1802, 29 March through 24 April,  1965, 

are  shown. During th i s  period, the he l iocent r ic  range of the 

b spacecraft increased from 197.10' t o  210.10 km. 

range during Period 1802 w a s  roughly 1.25 times grea te r  than tha t  

Thus, the 

during 1799. 

The magnitudes of the various components and the f i e l d  

s t rength are, on the average, smaller than those f o r  Pellfod 1799. 

Similar ly  the d is t r ibu t ions  are narrower. Since the indices 

of so l a r  a c t i v i t y  were similar during these two periods, most 

of the  s ign i f icant  differences between these two sets of 
d 

dis t r ibu t ions  may be the e f fec ts  of radial gradients i n  the 

interplanetary f i e l d .  However, the changes in. the r e l a t ive  

I 
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preferences of the f i e l d  f o r  posi t ive and negative values of 

B_ and B,- may be the r e s u l t  of changes i n  the p o l a r i t y  d i s t r ibu t ion  

of the chromospheric f i e l d s .  In t h i s  connection, it would be 

useful t o  determirie whether the d i s t r ibu t ion  of p o l a r i t i e s  of 

the so l a r  f i e l d s  o r  of the interplanetary f i e l d  nearer the 

o r b i t  of 'earth was changing. 

A Y 

The d is t r ibu t ions  a l so  indicate  t h a t  var ia t ions  i n  the 

magnitudes of the  various components of the f i e l d  are grea te r  

than the var ia t ions  i n  B, suggesting t h a t  the f i e l d  var ia t ions 

are  f o r  the most p a r t  produced by changes i n  the or ien ta t ion  of 

a r e l a t ive ly  constant f i e l d .  

t o  the  var ia t ions  of' Br and B 

of the roughly s p i r a l  f i e l d .  Another property of the f i e l d ,  

evident i n  both sets o f .d i s t r ibu t ions  i s  the preference of B 

However, the g rea t e s t  contribution 

a r i s e s  from the po la r i ty  reversals  
(9 

9 

f o r  small pos i t ive  values. 

Figure 10 contains p lo ts  of similar d is t r ibu t ions  t h a t  were 

of measurements made with the Mariner 2 magnetometer during 

Solar Rotation Period 1768, 23 September through 19 October, 1962. 

During t h i s  period, the hel iocentr ic  range of Mariner 2 decreased 

from 146.10 km t o  136-10 km. A comparison of the Mariner 2 

r e s u l t s  f o r  t h i s  period with the Mariner 4 r e s u l t s  f o r  Period 

1799, a f t e r  account i s  t a k e n  of the e f f e c t s  expected due t o  the 

differences i n  the hel iocentr ic  ranges, suggests t h a t  somewnat 

grea te r  f i e l d  s t rengths  and somewhat l a rge r  var ia t ions  were 

produced during the e a r l i e r  period. 

t yp ica l  of the more act ive parts of the so l a r  cycle. 

6 6 

These conditions may be 
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DIRECTION OF "E ~ I A A N E T ~ Y  FIELD 

Figure 11 contains p l o t s  of  the  d i s t r ibu t ions  of 

-1 
CY B 3 tan ( - B P r )  

Two of the d i s t r ibu t ions  correspond t o  measurements t h a t  were 

obtained with the Mariner 4 magnetometer during the Solar 

Rotation Periods 17% and 1802. 

may be compared with the values expected f o r  &I interplanetary 

f i e l d  t h a t  approximates the s p i r a l  f ie ld  described by Parker - 
[1958). According t o  Parker'8 model, a t  the point  ( r ,  8, (p), 

the angle from the radial d i rec t ion  t o  the d i rec t ion  outward 

along the s p i r a l  f i e l d  i s  given by 

The measured values of aB 

where 0s is the angular velocity of ro t a t ion  of the sun) roughly 

2.90*10-6 rad/sec, and V is the veloci ty  of the solar wind, 

es8upLQd to be radially a u t w a r d  f r o m  the sun. 

field, aB = CY or  a + 180'. Although de ta i led  da t a  on the 

veloc i ty  of the solar wind are not yet  available,  preliminary 

P 
Thus, fo r  the spir2r3, 

P P 

results from the plasma probe on board Mariner 4 indicate  t h a t  

V ranged Prom 285 t o  600 km/sec with an averse somewhat below P 
' 400 km/sec during the first few months of' the f l i sh t  [ D r .  C. W .  Snyder, 



pr iva te  communication]. 

used here f o r  purposes of comparison. 

Thus, a value of cy sti 40' w i l l  be 
P 

The peaks i n  the d i s t r ibu t ion  

of cyB i n  Figure 11 are  f a i r l y  close t o  the expected values of 

40' and 220'. During both these periods, the component i n  the 

r(g plane was p re fe ren t i a l ly  oriented i n  the quadrant centered 

about t h e  expected value of cy 

period the preference f o r  t h i s  quadrant was considerably greater .  

This d i s t r ibu t ion  f o r  cyB obtained i n  1962 during Solar  

However, during the l a t e r  
P' 

Rotation Period 1768 with the Mariner 2 magnetometer i s  aLso 

shown i n  Figure 11. During this period, the average value of 

V was about 500 km/sec [Snyder, Neugebauer, and Rao -' 19633. 

The average value of CY was approximately 50 . The peaks i n  

the d i s t r ibu t ion  of a B 
average values of 50' and 50' + 180' = 230'. 

P 
0 

P 
are  again consis tent  with the expected 

According t o  the sp i r a l - f i e ld  model, the values of B8 

should be zero. However, as mentioned previously, the d i s t r ibu t ions  

f o r  B 

show t h a t  the preferred value of BQ i s  typ ica l ly  about +ly, 

indicat ing t h a t  the interplanetary f i e l d  has a ra ther  pe r s i s t en t  

extracted from both the Mariner 4 and the Mariner 2 data 0 

southward component. 
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RADIAL GRADIENTS IN THE 1 N " m A R Y  FIELD 

The s p i r a l  f i e l d  model and the p o s s i b i l i t y  t h a t  the i n t e r -  

planetary f i e l d s  are  ' frozen'  i n to  a r a d i a l l y  flowing plasma 

i n  the  solar wind suggest spec i f ic  radial gradients f o r  the 

quie t  f i e ld ,  e.g., the  magnitude of Br should vary as r 

while those of B and B should vary as r-'. Similarly,  the 

gradients produced by any i r r egu la r i ty  frozen in to  the  f i e l d  

should decrease with increasing r. Such i r r e g u l a r i t i e s  should 

produce temporal var ia t ions at the posi t ion of the spacecraft  

as the  so la r  wind flows past ,  so t h a t  var ia t ions  i n  the radial 

gradients within an element of volume moving with the  plasma 

may be detected. Similarly,  azimuthal gradients i n  the f i e l d  

configuration that e f fec t ive ly  ro ta tes  with the sun would produce 

temporal var ia t ions i n  the f i e ld  recorded a t  the  slowly moving 

spacecraft .  I n  e i t h e r  case, for  frozen-in f i e l d s ,  i n  a r ad ia l ly  

expanding plasma, one would expect the measured variations,  

averaged over long periods, t o  be smaller i f  they are measured 

-2 

0 cp 

i n  greater  hel iocentr ic  ranges. 

of the standard deviations would 

r f o r  B e ( t )  and B (t), where r 

which the f i e l d s  are measured. 

-1 
(0 

Decreases of the magnitudes 

For the quiet  field, the magnitudes 

vary.as r f o r  B,(t) and as 

is  the he l iocent r ic  range at  

-2 

and variances of the various 

components with increasing radial distance a re  suggested by the 

d is t r ibu t ions  shown i n  Figures 8.and 9. Table 1 contains a l i s t  

of these quant i t ies  obtained during the other  periods of solar  
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Table 1. Mean values and standard deviations f o r  various 

components of the interplanetary f ie ld  for the indiretec? peri&c 

of so la r  ro ta t ion .  The he l iocent r ic  range of the spacecraf t  is  

a l so  given f o r  the midpoint of each period. 

Solar 
Rotation 

Period 
No. 

1798 
1799 
1800 

1801 

1802 

1803* 

Mean 
(gammas 1 

BP B 

3.5 4.5 
3.5 4.5 
3.5 4.6 
2.9 4.1 
2.6 3.5 
2.3 3.2 

Standard Deviations 
(gammas 1 

Br Bg B Bp B 

2.8 2.3 3.2 1.9 1.8 

2.5 2.5 3 .1  2.3 2.2 

2.8 3.0 2.4 2.2 2.3 

1.7 1.5 2.0 1.4 1.6 
2.1  1.8 2.3 1.5 1.5 

1.8 1.4 1.8 1.3 1 .4  

Range 

( 106knl) 

152 
162 
r7 6 
191 
204 

215 

* 
F i r s t  16 days of period. 
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ro ta t ion  f o r  which quick-look r e s u l t s  a re  avai lable .  The expected 

decrease w i t h  increasing r appears i n  most of the f i e l d  parameters 

l i s t e d .  

the bas is  of quick-look data .  However, the expected trends 

resu l t ing  from radial gradients a r e  cer ta in ly  present.  

The precise  r a d i a l  dependences cannot be determined on 
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FIUCTUATIONS IN THE INTWPLANETARY FIELD 

1 
Power spectra  of the  variations i n  the interplanetary f i e l d  

a.re of i n t e r e s t  i n  s tudies  of the i r r e g u l a r i t i e s  i n  the f i e l d .  

As mentioned previously, under the assumptions t h a t  the f i e l d s  

are frozen in to  a radially flowing so la r  wind, var ia t ions i n  the 

f i e l d  recorded a t  Mariner 4, provide information concerning 

gradients i n  the f i e l d .  Studies of various spectra  may also 

permit us t o  determine whether l o c a l  i n s t a b i l i t i e s  contribute 

s ign i f icant ly  t o  the i r r egu la r i t i e s .  

The quick-look da ta  employed i n  obtaining the  results 

presented here includc only a few periods, of any length, over 

which a l l  the measurements were avai lable .  Thus, the power spectra 

of the various components of the f i e l d  were roughly approximated 

from the mean values of t h e  variances taken over periods of 

various lengths. 

For example, l e t  the variance of B, over the period bi.12.4 sec 

2 be denoted by ai ( B ) .  

average of t h i s  variance for  27 days be denoted by < a 

The average power i n  the  frequency components of B ( t )  with 

frequencies f above f = 4’-12.6)-~ cps i s  assumed t o  be 

approximate1j C zi ( B )  >. 

of frequencies from f 

Here i i s  a pos i t ive  integer .  Ut the 

2 
(B) >. i 

i 
2 The average power i n  the range 

t o  fi+l then may be approximated by 
i 

2 < ui+l(b) > - e Ji  (B) >. The period of 12.4 seconds i s  tha t  

required t o  obtain four consecutive measurements of the f i e l d  
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vector  when the da t a  rate of the Mariner 4 telemetry system was 33 1/3 bps 

( b i t s  per  sec) ,  i . e . ,  from launch u n t i l  3 January 1965. 

t h i s  time the da ta  r a t e  and the sampling r a t e  of the magnetometer 

were reduced by facto1.s of four. 

After 

Spectra of  B r ( t )  and B ( t ) ,  obtained i n  t h i s  manner, f o r  

Solar  Rotation Periods 1799 and 1802, are  shown i n  Figure 2.  

The decrease i n  the power i n  the spectra  f o r  Period 1802, r e l a t i v c  

t o  the corresponding spectra  for Period 1799, is  presumed t o  be 

due t o  the increase i n  the hel iocentr ic  range a t  which the l a t t e r  

measurements were obtained. 

These r e l a t ive ly  crude spectra a l s o  suggest t h a t  very l i t t l e  

power i s  associated with the var ia t ions a t  frequencies above 

f2 = (1/50.4) cps. 

were converted t o  in t eg ra l  numbers on board the spacecraft  f o r  

transmission by t h e  d i g i t a l  telemetry system. The range of f i e l d  

s t rength t h a t  corresponds t o  each number w a s  0 . 7 ~ .  Thus, the 

uncertaini ty  of each measurement w a s  0 . 3 5 ~  corresponding t o  a 

f i e l d  equivalent noise power about 0.12~ . But t h i s  value i s  

very nearly t h a t  associated with the frequencies above ( l p j O . 4 )  cps . 

The measured values of the f i e l d  components 

2 
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A comparison of the data  obtained with the magnetometers 

on board Mariner 2 and Mariner 4 yields  evidence f o r  a s igni f icant  

change i n  the d is t r ibu t ion  of po la r i t i e s  i n  the interplanetary 

magnetic f i e l d  between November, 1962, and November, 1964. 

For the purposes of t h i s  section the r e su l t s  of i n t e r e s t  

from Mariner 2 experiment were those obtained during Solar  

Rotation Periods 1767 through 1769. Mariner 4 was launched l a t e  

i n  Period 1797 so t h a t  the data  obtained through Period 1802 were 

employed i n  t h i s  comparison. More spec i f ica l ly ,  the Mariner 2 

r e s u l t s  were obtained between 29 August and 15 November, 1962. 

The r e su l t s  from Mariner 4 were only those obtained between 

30 November, 1964, and 1 March 1965. 

According t o  Snyder, Neugebauer, and Rao - [1963], the 

average value of V 

Mariner 2, was about 500 km/sec. 

the average value of N 

the following, the polar i ty  of the interplanetary f i e l d  w i l l  

be reckoned posi t ive f o r  -50* S cy s, 130° and negative for the  

remaining 180' range. 

measurements also,  because detai led measurements of V 

not available . 

measured by the plasma probe on board 
P' 

Thus, f o r  the period of i n t e r e s t  

(See Equation 1) was roughly 40'. In 
P 

P 
This c r i t e r ion  was applied t o  the Mariner 4 

were 
P 

For each three-hour period, the d i s t r ibu t ion  of CY w a s  B 
obtained. (Figure 11 contains d is t r ibu t ions  f o r  27-day periods) 
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From each such d is t r ibu t ion ,  the most frequently occuring ten- 

degree range of cy was determined. These values, t he  modes 

of the d is t r ibu t ions ,  are  plot ted versus time i n  Figures 13 and 

14. 

contains those from Mariner 4. 

accurately determine the expected differences i n  the times of 

disturbances at  the spacecraft  and a t  the ear th .  However, f o r  

the ranges of V 

than 1.5 days f o r  any disturbance propagating spherical ly  a t  the 

veloci ty  V . Further, the differences f o r  a disturbance source 

ro ta t ing  with the sun would not have exceeded 0.5 days. 

B 

Figure 13 contains the r e su l t s  from Mariner 2. Figure 14 

No attempt has been made here t o  

recorded, these differences would have been l e s s  
P 

P 

As reported previously [Davis -’ 1965; Davis -’ Smith -’ Coleman, 

and Sonett -’ 19641, the Mariner 2 data, p lo t ted  i n  Figure 13, 

indicate two po la r i ty  reversals during each period of so la r  

rotat ion.  One occurred on the f i f t een th  day of both Periods 1767 

and 1768. (The instruments were not operating during the period 

from Day 305 - 311.) The time of the other reversal ,  re la t ive  

t o  the so la r  ro ta t ion  period, is not as sharply defined, since 

the reversal  occurred on the second day of Period 1768 and on 

the third day of 1769. 

show reversals  occurring more frequently, although most of the 

reversals  are not as sharply defined during the Mariner 2 f l i g h t .  

Further, the s t a b i l i t y  of the or ientat ion is ,  i n  general, much 

l e s s  during the Mariner 4 f l i gh t .  

The Mariner 4 data p lo t ted  i n  Figure 14 

Ness and Wilcox C1.9651 reported t h a t  the po la r i ty  reversed 
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fou r  times during each 27-day period between December 1963, 

a d  February, 1964. 

from the report  t o  be the th i rd  (+ t o  -), s ix th  ( -  t o  +), 

fourteenth (t t o  -), and’twenty-second ( -  t o  +)  days of the solar 

ro ta t ion  period. These observations were based upon measurements 

obtained with the magnetometer on board the ear th  s a t e l l i t e  IMP-1, 

during periods i n  which the s a t e l l i t e  was outside the magnetosphere 

and the region of in te rac t ion  between the magnetosphere and 

the interplanetary medium. 

The t i m e s  assigned t o  the reversals  appear 

0 

In  considering the l i fe t imes  of the regions producing these 

e f f ec t s ,  a comparison of the times of occurrence and signs of 

the reversals  observed during the three f l i g h t s  is  of i n t e re s t .  

A polar i ty  change from posi t ive t o  negative occurred on the sixteenth 

day of the solar ro ta t ion  period during the Mariner 2 f l i g h t ,  

on the fourteenth day during the IMP f l i g h t  and on the sixteenth 

day of Period 1798 during the Mariner 4 f l i g h t .  

such change occurred during Period 1799, and, although it occurred 

during the seventeenth day of Period 1800, the duration of the 

resu l t ing  negative polar i ty  was r e l a t ive ly  short .  

on the twenty-third day ( -  t o  t) of Period 1798, on the second 

day (+ t o  -), and the seventh day ( -  t o  +)  of  Period 1799, 

lead t o  the speculation t h a t  a spec i f ic  27-day po la r i ty  d is t r ibu t ion  

may have predominated during the period from December 1963 t o  

February 1965. 

However, no 

Reversals 

Dodson, Hedeman, and Stewart [1965] have provided data  on 

so lar  a c t i v i t y  which indicate tha t  the period May-November, 1964 
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was probably a period of minimum so la r  a c t i v i t y  and t h a t  July 

was the quie tes t  month i n  the period. The f l i g h t  of Mariner 2 

preceded t h i s  period by about 2 years, but  the f l i g h t  of IMP-1 

preceded the time of t h i s  min imum by about s ix  months and the 

f l i g h t  of Mariner 4 followed it by about f i v e  months. 

r e l a t ive ly  s tab le  d is t r ibu t ion  of' p o l a r i t i e s  i n  the interplanetary 

f i e l d  might be expected during t h i s  p a r t  of the s o l a r  cycle. 

However, an analysis  beyond the scope of t h i s  preliminary work 

w i l l  be required t o  separate the e f f ec t s  of short-l ived, act ive 

regions on the a n  from possible e f f e c t s  with r e l a t ive ly  s tab le  

Thus, a 

sources. 
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FIGURE CAPTIONS 

Figure 1. Simplified schematic diagram of the low-field, vector, 

helium magnetometer included on board Mariner 4. 

Figure 2. 

the r igh t .  

The Mariner 4 magnetometer. The sensor is  shown on 

The e lec t ronics  units arc  on the l e f t .  

Figure 3. Mariner 4 Magnetometer Data Acquired Near Earth. 

The magnitudes of the t o t a l  f i e ld ,  1 B I , and the radial component, 

1 Br I , which i s  d i rec ted  outward from the  sun, a re  shown. 

ordinates are the logarithms of the f i e l d s  i n  gamma and the 

abscissa  i s  time (GMT). 

indicated. Each datum i s  a ten minute average, centered on the 

time a t  which it i s  p lo t ted .  

1, 2, and 3 mark t r ans i t i ons  separating the observed da ta  in to  

four  d i f f e ren t  f i e l d  rcgimes. 

The 

The geocentric distance i s  a l so  

The dashed v e r t i c a l  l i n e s  labe l led  

Figure 4. Mariner 11 Near-Earth Trajectory. The l e f t -ha l f  f igure 

i s  e s sen t i a l ly  a polar p l o t  of geocentric dis tance and the , 

corresponding sun-earth-Mariner angle. Thus, t h i s  view of 

the t r a j ec to ry  i s  not a simple projection in to  a f ixed plane 

such as the e c l i p t i c .  The c i rc led  numbers ident i fy  the posi t ions,  

along the t ra jec tory ,  of the 3 t r ans i t i ons  shown i n  Figure 1. 

The dashed IMP-1 contours indicate  the average pos i t ions  of the 
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shock f ron t  and magnetopause. 

f igure  r e l a t e s  the t r ans i t i ons  observed by '%riner t o  the 

d i f f e ren t  regions of interact ion between the s o l a r  wind and the 

magnetosphere. 

The schematic i n  the r igh t  ha l f  

Figure 5 .  Mariner da t a  showing multiple passages of the shock 

f ron t .  The da ta  were acquired over a one-hour in t e rva l  when 

the Mariner-earth distance increased from 36 t o  38 Re. 

r a d i a l  f i e l d  component, 

which was kept continuously pointed a t  the sun. The spacecraft  

was r o l l i n g  about the Z axis  a t  a gyro-controlled r a t e  so  t h a t  

s inusoidal  var ia t ions  appear in  the two transverse f i e l d  components, 

% and By. Vert ica l  l i nes  corresponding t o  the instantaneous 

shock f ron t  pos i t ion  (SF) divide the da ta  i n t o  in te rva ls  when 

Mariner was inside the t r ans i t i on  region (TR) and outside the 

shock In  the interplanetary medium ( I P )  . 

The 

i s  p a r a l l e l  t o  the axis of Mariner Br' 

Figure 6. 

versus time f o r  the t ra jec tory  o f  Mariner 4. 

Colatitude, longitude, and earth-sun probe, angle 

The solar equator ia l  

coordinate system was employed. 

Figure 7. 

time . 
Heliocentric and geocentric ranges of Mariner 4 versus 
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0 Figure 8. 

B recorded during Solar  Rotation Period 1799. The histogram 

indicates the ac tua l  numbers o f  occurrences i n  the indicated 

ranges. The point p lo t ted  i n  each range gives the number of 

Distributions of the values of Br, BQ, BQ, Bpr and 

occurrences averaged over the  range i n  which it appears and the 

two adjacent ranges. 

Figure 9. 

B recorded during Solar Rotation Period 1802. 

f o r  Figure 10. 

Distributions of the values of Br, Be, Bq, Bp, and 

See the  caption 

Figure 10. 

B recorded during Solar Rotation Period 1768. 

were obtained i n  1962 with the magnetometer on board Mariner 2. 

Distributions of the values of Br, Be, E Bp, and 
Q 

These r e su l t s  

Figure 11. 

of the interplanetary f i e l d ,  recorded during Solar Rotation 

Periods 1768, 1799, and 1802. 

obtained during t h e  f l i g h t  of Mariner 2 .  

Figure io. 

Distributions of the angle CY B' the ' s p i r a l '  angle 

The da ta  f o r  Period 1768 were 

See the caption f o r  

Figure 12. 

and B ( t )  f o r  Solar Rotation Periods i.799 and 1802. 

Estimates of the average power spectra  of B r ( t )  

The power 

leve ls  shown correspond t o  the power i n  the indicated range. 



Figure 13. Preferred values 

periods. These r e su l t s  were 

33 
of crB, the s p i r a l  angle, f o r  three-hour 

obtained during the first three 

months of the f l i g h t  of Mariner 2 .  

t o  the f i e l d  i f  -50 5 cy s 130. 

Positive po la r i ty  i s  assigned 

B 

Figure 14. 

periods. 

months of the f l i g h t  of Mariner 4. 

Preferred values of cy the s p i r a l  angle, f o r  three-hour B’ 
These r e su l t s  were obtained during the f irst  three 
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